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Introduction
The trade imbalances between the United States and East Asian economies, or global imbalances, have attracted an unprecedented amount of attention from both economists and policy makers. The reasons are several. Firstly, the size of these imbalances is unprecedented as they involve one of the richest countries in the world and a large area of emerging, growing economies. Second, global imbalances are not a temporary phenomenon. Figure D .1 shows the steady deterioration of the United States' current account deficit since the late 1990s. The recent adjustment has involved trade with Europe and oil-producing countries, but not other emerging economies. In particular, the US deficit towards China, which mirrors very closely the Chinese surplus, did not shrink with the recession.
One of the most common views on global imbalances is the "global saving glut hypothesis", due to Bernanke [4] . The core of the argument is that the high saving rates in East Asia have created an excess of savings in the world economy, which has resulted in capital flows towards the US and low real interest rates. Bernanke [4] also stressed that the understanding of global imbalances requires a "global perspective" and that they do not "primarily reflect economic policies and other economic developments within the United States itself". In other words, current account imbalances must be thought of as an equilibrium phenomenon.
In this paper, we provide a general equilibrium framework to discuss the global saving glut hypothesis and therefore investigate the relationship between emerging countries' high propensity to save and global imbalances. Our setup is a two-country OLG model with production along the lines of Diamond [10] . The Diamond model is a natural framework to deal with questions related to the presence of excess savings in an economy. The model admits the possibility that, in a perfectly competitive economy, there is capital overaccumulation. Therefore, the concept of "excess savings" has a precise meaning in the OLG model, as it corresponds to the notion of dynamic inefficiency. The advantage of this approach is that we can ask with clarity the question of whether it is true that a global saving glut have led to global imbalances.
Before tackling the issue of excess savings, the first question that we need to answer is why East Asian countries' saving rates are higher than the United States'. Figure D. 2 depicts the saving rates of the US and a few East Asian countries over the last 30 years. An interestingand crucial, to us -aspect of the data is that while global imbalances emerged in the late 1990s, that East Asian countries save more than the United States is certainly not a new fact. This divergence in the countries' saving rates is structural as it can be observed in the data long before global imbalances emerged.
Our explanation behind this fact is that pay-as-you-go social security systems are very poor in East Asian countries as compared to the United States. Officially, many East Asian countries have schemes which are classified as pay-as-you-go. However, the percentage of the working population actually covered by such schemes is much lower than in the US. Table 1 reports the wide difference between the US coverage rate and that of East Asian countries that are reported to have a pay-as-you-go scheme 1 . To capture the heterogeneity in the coverage of the pay-as-you-go systems, we study a twocountry OLG model with production in which one country has a pay-as-you-go system while the other does not 2 . Cross-sectional evidence supports the idea that countries with pay-as-you-go systems tend to have lower saving rates, especially the more extensive is the coverage (Samwick [26] ). Yet, the implications for global imbalances of the fact that East Asian countries save more to finance old age consumption because of their poor pay-as-you-go systems are still unexplored. One of the contributions of this paper is to fill this gap in the literature.
In section 2 and 3, we present the model and characterize the direction of capital flows and trade at and outside steady states. First, we show that the emerging country always lends to the developed country, as the young of the former country save relatively more in the absence of the pay-as-you-go system 3 . Yet, the pattern of trade in the consumption good does depend on the long-run efficiency of the world economy. We prove that the direction of trade depends on how the population growth rate compares with the interest rate, and this is also the case outside steady states. The emerging country runs a trade surplus only as long as the world economy is beyond the golden rule level of capital (capital overaccumulation). Otherwise, the emerging country runs a trade deficit despite the fact that it is the lender country. Only in the coincidental case of the golden rule, trade happens to be balanced.
The main implication of these results is that we would not observe the current pattern of trade if there was not an excess of savings in the world economy. In this sense, this paper provides a formal argument in favour of the "global saving glut hypothesis". Caballero et al. [7] argue that the saving glut story can be interpreted within their framework, by allowing for different saving rates across countries. However, as saving rates are exogenous, a higher saving rate in East Asia does not imply that these countries save too much. In this paper, a global excess of savings can arise endogenously, as a long-term consequence of the financial integration between the United States and countries whose saving rate is higher due to their poor pay-as-you-gosystem. Differently from Caballero et al. [7] , the OLG structure allows us to relate the amount of savings in the economy to the golden rule benchmark.
Another interesting aspect of the trade balance result is that the developed country runs a trade deficit in the capital overaccumulation case because aggregate consumption is higher than in the other country. The reason is that there is sufficient growth in the economy to compensate interest payments to the emerging country. It is often claimed that global imbalances are due to the fact that emerging countries are consuming too little. This model shows that this is nothing but equilibrium behavior.
Our findings are related to two seminal papers of David Gale [13] , [14] . Gale made the important point that countries can run permanent trade imbalances in general equilibrium models. His intuition was that this is especially possible in OLG economies. Gale had discovered that the sign of the balance of trade depends on efficiency properties in a Solow model with heterogenous agents and in a pure exchange OLG economy with inside money. The paper is also related to Polemarchakis et al. [23] , which found that trade is balanced at the golden rule in a pure exchange OLG economy with outside money. The seminal paper on international capital mobility in a Diamond setting is Buiter [6] , in which countries are heterogenous in the discount factors.
In section 4, we study the dynamics of capital flows and global imbalances for plausible initial conditions of the autarkic economies. It turns out that the model is able to account for the dynamics and the timing of global imbalances, as well as the dynamics of real interest rates and net foreign asset positions. First, the model can rationalize the fact that the US current account and real interest rates deteriorated gradually ( Figure D.1 and D.7) . Second, the model can explain why the accumulation of net foreign liabilities started in the early 1980s ( Figure  D.6) , well before the emergence of global imbalances 4 . The model provides intuitive explanations for these facts. Because of their higher saving rates, emerging countries started to lend abroad soon after they opened to trade with the US. The decline of real interest rates can be read as a consequence of capital accumulation in the world economy ( Figure D.7) . Global imbalances arose as soon as interest rates fell below the long-run growth rate, implying that the world economy is saving too much.
We also ask whether it is plausible that the world economy is experiencing a saving glut. According to the model, this requires that the long-run growth rate of the world economy is higher than the real interest rate. We find evidence of this in the data. This is hardly surprising, since US real interest rates have hit a historic low in the past decade.
Finally, we provide empirical evidence to support the predictions of the model. In a crosssection of countries, we find a statistically significant negative association between the coverage rate of pay-as-you-go systems and the saving rate, consistently with earlier work of Samwick [26] . In this paper, we also document the fact that a higher coverage rate is associated with a lower current account balance.
This paper is mainly related to the body of literature which puts emphasis on differences in institutions as the main determinant of global imbalances, e.g. Caballero et al. [7] , Mendoza et al. [24] and Angeletos et al. [1] . The focus of these papers is on financial markets' different stages of development, and yet the sense of our analysis is similar as the type of pension system enforced in a country affects saving and investment possibilities. Caballero et al. [7] explain global imbalances as the result of a negative shock to emerging countries' level of financial development, while our view is that global imbalances arose as the outcome of the financial integration between the US and emerging economies. In this respect, this paper is closer to Mendoza et al. [24] and Angeletos et al. [1] .
Differently from the above papers, this paper contributes to the debate on whether and how the imbalances should be addressed from a policy point of view. While there is widespread agreement that global imbalances must be reduced, this is advocated on the basis of a variety of arguments 5 . In Mendoza et al. [24] and Angeletos et al. [1] , global imbalances are a temporary phenomenon, meant to disappear in the long-run. In Caballero [7] , global imbalances are a benign aspect of the world economy. In an OLG economy, the presence of excess savings means that there is room for policy interventions. It is often claimed that East Asian countries should introduce policies to boost domestic demand, in view of correcting the imbalances. If we accept that the world economy is overaccumulating capital, long-term policies in this direction are clearly desirable. For instance, reforms aimed at improving the pay-as-you-go system in China would not only be Pareto-improving but also have the effect of reducing the imbalances.
The World Economy
In this section, we describe the two-country model, which maintains the basic structure of Diamond (1965) . We will refer to country 1 (2) as the developed (emerging) country.
Agents live for two periods and a new generation is born in each country for all t. The size of the population follows L i,t = L i,0 (1 + n) t , where L i,0 are the young born in country i at date 0 and n is the (common) population growth rate 6 . The only source of growth in the model comes from population 7 . The two countries only differ in the pension systems. Country 1 has a pay-as-you-go social security system, while the system in country 2 is fully-funded. Country 1's government levies 5 See a recent collection of papers written by central bankers on the topic [17] . 6 We computed the average growth rate of the working age population (15-64 years old) in China and the US using the UN World Population Prospect. The average is calculated for the past 10 years, the period in which we observe global imbalances. Both countries have a population growth rate very close to 1%. 7 See the Appendix for an extension of the model with labour augmenting technological progress.
4 a time-invariant lump-sum tax τ 1 on the young, which is used to finance the old's pension b 1 at each t 8 . The policy is balanced so that taxes are equal to transfers at each t: τ 1 L 1,t = b 1 L 1,t−1 . It follows that the transfer which the current old receive is equal to b 1 = (1 + n)τ 1 , i.e. each generation receives a transfer which is bigger than the tax if population is increasing.
Finally, we need to specify which markets are open for international trade. We assume that the consumption good can be costlessly traded between the countries. As our focus is to analyze the pattern of trade in the good, we impose that labour is immobile.
Firms
Competitive firms use capital and labour to produce the consumption good by means of an identical, constant returns technology:
As anticipated above, firms located in country i can only hire workers in the domestic labour market. We consider the production function in its intensive form as the number of workers is given at each t: y i,t = f (k i,t ). The function f is strictly increasing and concave in k i,t . Capital depreciates at the constant rate 0 δ 1 in both countries and we assume that the following boundary conditions hold:
At time 0, the two autarkic economies open to trade after production has taken place. Their "initial" level of capital will respectively be k 1,0 and k 2,0 . Starting from period 1, firms' demand for capital is met in the world market and therefore they will face the same path of interest rates {r t } t≥1 . Firms solve the following maximization problem:
The necessary and sufficient conditions for a maximum are:
Because the countries have access to the same technology, it is immediate that capital stocks per capita are equalized: because k 1,t = k 2,t = k t , it is also true that w 1,t = w 2,t = w t for all t. While the two countries might start with different initial conditions, potential income differences vanish once the two countries open to trade.
This assumption is somewhat strong, but our theory does not aim at explaining per capita income differences between the US and East Asian countries. Moreover, it is convenient to abstract from other potential bases for trade to study how differences in pension systems have an impact on capital accumulation and trade.
Consumers
Agents get utility from consuming in the two periods of life. Preferences are stationary and identical both within generation and across countries. The utility function is C 2 , strictly increasing, strictly concave and additively separable:
where c t i,t denotes consumption when young and c t i,t+1 is consumption when old of the generation (born at time) t in country i. Also:
The budget constraints are:
where s i,t denotes savings. As there is no pay-as-you-go system in country 2, τ 2 = 0. In our two-country world, the young are allowed to lend both to domestic and foreign firms. Which country is going to be the borrower (lender) will be established in equilibrium.
The maximization problems of the two consumers are the following:
The agents' optimal savings are then a function of the wage and the interest rate. In country 1, they also depend upon the taxes and transfers related to the pension system. In the OLG model, it is well known that savings are lower in presence of a pay-as-you-go system (see e.g. [3] , or [25] ). Given w t and r t+1 , we have that:
At each t, the young in country 1 save less than in country 2 as their net wage is lower due to the tax. However, the extent of the fall in saving will depend on how n and r t+1 compares. In particular, if n > r t+1 (< r t+1 ) then the drop in saving is larger since
. In fact, the income of country 1's consumers is higher (lower) when the rate of return on the pension system is higher (lower) than the interest rate. This can be seen from the consolidated budget constraint:
When n > r t+1 , c t 1,t increases since consumption is a normal good 9 . Therefore, savings will be even lower. Only when n = r t+1 , savings decrease one for one with the tax as (11) shows.
We also characterize the saving functions by the following assumption. 9 That savings are increasing in the wage can be derived from the first-order conditions. It can be checked that
Assumption 1. Consumption when young and when old are gross substitutes:
where s r is the partial derivative of the saving function with respect to the interest rate. (1); (iii) the (world) capital market clears for t 0:
Equilibrium
If the capital market clears at each t, the (world) market for the good will clear by Walras' Law. The good market is in equilibrium when the total resources available (after production) are equal to the consumption of the current young and old, and next period's capital stocks of the two countries.
Equation (13) will be extensively used in the next section to study the pattern of trade between the two countries.
The pattern of trade

Dynamics in the capital market and capital flows
In this section, we analyze the direction of capital flows and trade in the model described above. The first step is to study how capital accumulates in this economy. The capital market is equilibrium in as long as the world demand for capital is equal to the world supply (savings):
where K * t+1 denotes the world capital stock at time t + 1. We have already established that k 1,t = k 2,t = k t for t 1, while at t = 0 countries might start with different levels of capital. Before proceeding, it is convenient to introduce the following definition:
Because the countries grow at a common rate, ρ i is constant over time and depends on the countries' initial labour forces. We can now divide (14) by the world labour supply L t and get:
At each t, the world capital stock per capita (which is equivalent to the domestic capital stocks) is determined by the savings of country 1 and 2. Equation (15) shows that each country will contribute to the supply side of the market according to its size.
Hereafter, we study the above difference equation in the capital stock. The world economy is in steady state when k *
, there exists at least a stable steady state.
Proof. The proof is in the Appendix. Part (i) of Lemma 1 establishes that there exists an equilibrium path only if each country's savings are positive at t = 0. It is intuitive that we need a condition on the tax level to avoid circumstances under which income is either zero or negative in the initial period. In other words, a perfect foresight equilibrium will exist only if the level of the tax is compatible with having positive savings in the economy 10 . Part (ii) shows that there exist paths converging to a stable steady state. This is important as the focus of the next section will be on the behavior of the economy near a stable steady state.
We can now analyze the pattern of trade between the countries 11 . We start with the direction of asset trade. Given the capital market equilibrium equation, it is immediate to show which of the two countries has to borrow to sustain the equilibrium capital stock.
Definition 2. The net foreign assets position (per capita) of country i at the end of period t is:
Proposition 1 (Net foreign assets). Country 1 (2) is the borrower (lender) country for all t 1.
Proof. First, substitute equation (15) into Definition 2. In equilibrium, the net foreign assets positions are:
where ρ 1 a * 1,t+1 + ρ 2 a * 2,t+1 = 0 by asset market clearing. From equation (11), we know that country 1 saves less than country 2 since they face the same factor prices. Since it must be true that s * 2,t > s * 1,t for all k * t , k * t+1 , the sign of a follows:
Proposition 1 shows that country 2 (the emerging country) will always lend to country 1, it does not matter whether the economy is in a steady state or not. The intuition behind this result is simple. We know that the equilibrium capital stock is combination of savings in the two countries and the developed country saves less than the emerging economy. Therefore, while country 1 has to borrow to sustain k * t+1 , country 2's savings (partly) find an outlet in country 1. It might be noted that the extent of trade will depend on how large is the difference between the two countries' savings. For instance, countries trade more the bigger is the size of the pay-asyou-go system in country 1. It is worth stressing that the direction of asset trade does not depend on whether we are in the capital overaccumulation case or not. However, this becomes relevant once we consider the countries' balance of trade.
The balance of trade and efficiency
We can now study the pattern of trade in the consumption good. First, we define the balance of trade of country i as the country's excess supply for the consumption good.
Definition 3. The (per capita) trade balance of country i is:
If tb * i,t > 0 in equilibrium, then country i is net exporter as output is higher than "domestic absorption". Definition 3 stems from the per capita version of (13), the consumption good's market clearing equation. Equation (13) states that the sum of the countries' balances must be zero at each t. By dividing both sides by the world population L t , we obtain that ρ 1 tb 1,t + ρ 1 tb 2,t = 0. While this equation must hold, that tb * i,t 0 for every i is possible in equilibrium. An equivalent way to look at the balance of trade is in terms of net capital flows. First, exploit the fact that f (k * i,t ) = w * t + (r * t + δ)k * i,t to get:
Using the budget constraints of the young and the old living at time t, we obtain:
Next, using Definition 2 we can rewrite (21) as follows:
The above characterization shows that the balance of trade reflects trade in the capital market in period t and t − 1.
Proposition 2 (Balance of trade and steady states). At the golden rule allocation (r * = n), trade is balanced.
If the steady state is inefficient (r * < n), country 2 (the emerging country) is in surplus while country 1 (the developed country) is in deficit.
If the steady state is efficient (r * > n), the opposite is true. 9
Proof. Consider equation (22) . Imposing a * i,t = a * i,t+1 = a * i and r * t = r * , the trade balance of country i in the steady state is:
It immediately follows that tb i = 0 ∀ i at the golden rule allocation. The other statements are a direct implication of our hypotheses and the sign of a * i (Proposition 1).
If the world economy converges to a steady state such that r * = n, not only steady state consumption will be maximized but trade will be balanced in the long-run. Yet, that trade is balanced does not imply that the two countries do not trade at all. In fact, borrowing and lending still takes place at the golden rule (by Proposition 1) but exports are completely offset by imports.
However, this can only happen by coincidence. In all other cases, there will be trade imbalances between the two countries. To comment on the result, let us consider the trade balance of country 2:
We have seen that the young in country 2 lend to firms located in country 1 as they save relatively more (exports). At the same time, the old of country 1 pay the loan back, along with interest payments, to the old of country 2 (imports).
The proposition states that the sign of the balance of trade will depend on how n and r * compares. Indeed, notice that while a * i is constant at the steady state, A * i,t will grow at the population growth rate. Proposition 2 then says that the lender country will have a surplus as long as the net income from abroad is not enough to compensate the increase in lending induced by population growth. Instead, if the interest rate was higher than the population growth rate, country 2 should be in deficit.
The model implies that the reason why we observe global imbalances is that there is a saving glut in the world economy. Therefore, it provides a formalization of Bernanke's hypothesis. We postpone to section 4 the discussion of whether it is plausible that the world economy is on an inefficient path, with the support of some empirical evidence.
The fact that the sign of the balance of trade of a country depends on whether the world economy happens to be below or beyond the golden rule allocation is not just true at the steady state of the model. Next, we show that this holds outside stationary states too.
To this purpose, it is more convenient to work with equation (20) . As technologies are identical, it is intuitive that all the action comes from aggregate consumption. Because pension systems are different, the countries' consumption possibilities are not the same and this will explain the direction of trade in the consumption good.
Lemma 2 (Consumption). For any generation t
1, the agent born in country 1 consume relatively more (less) when n > r t+1 (< r t+1 ).
Proof. The proof is in the Appendix.
In Lemma 2, we show that agents born in country 1 consume more in the capital overaccumulation case. It is interesting to note that this result supports the idea that East Asian countries are consuming too little relatively to the United States, and this has something to do with global imbalances. The reason is that country 1's generations have a higher income, despite that they have to pay interest rates to country 2. When n > r * t+1 , there is enough growth in the economyfor the pension to compensate interest payments to the foreign country. An examination of the two agents' budget constraints should convince the reader of this fact.
Given Lemma 2, we can analyze the pattern of trade in the consumption good outside steady states:
Proposition 3 (Balance of trade outside steady states). Country 1 (the developed country) is in deficit at a given t when n > r * t and n > r * t+1 , while in surplus when r * t > n and r * t+1 > n. If r * t > n and r * t+1 < n, the sign is ambiguous. Proof. We consider the developed country, the opposite is obviously true for the emerging economy. If country 1 imports, then tb 1,t < tb 2,t . Given Definition 3 and because k 1,t = k 2,t ∀ t 1, the following must hold for country 1 to be in deficit:
Indeed, Lemma 2 showed that consumption is higher for generations in country 1 as long as next period's interest rate is lower than the population growth rate. Therefore, for tb 1,t < 0 it is sufficient that n > r * t and n > r * t+1 . Instead, when r * t > n and r * t+1 > n generations of country 2 consume more and tb 2,t < 0.
Suppose that at a given t, we have that r * t > n but next period's interest rate falls below the population growth rate. While c t *
2,t by r * t+1 < n. The net effect will depend on other parameters of the economy (see Appendix C for an illustration in the Cobb-Douglas case).
The proposition establishes that the deficit (surplus) country is the country which consumes relatively more (less) at a given t.
At the golden rule, it is worth noting that the consumption allocation of the two representative generations is identical despite the different pension systems (see the proof of Lemma 2 in the Appendix). This gives a different angle to the balanced trade result. Because savings decrease one for one with τ 1 and consumers' wealth is not affected by the pension system when r * = n, consumption choices in the two countries are the same at the golden rule. Indeed, the planner would choose such allocation if giving the same weights to the agents (in fact, we did not allow for heterogeneity in preferences).
The dynamics of net foreign assets and global imbalances
The results of section 3 imply that the dynamics of the countries' balance of trade are strongly related to the efficiency of the world economy's capital accumulation path. In particular, we have found that the lender country (the country with no pay-as-you-go pension system) runs a trade surplus only as long as the population growth rate is higher than the interest rate. Therefore, the theory suggests that global imbalances are a signal that the world economy is overaccumulating capital.
In this section, we demonstrate that the model is able to qualitatively replicate the evolution of the US current account and net foreign assets' position since the early 1980s (the time of China's integration into the world economy). Second, we provide some evidence to support the claim that there is a "global saving glut" in the world economy. If we can say that the long-run growth rate of the world economy is higher than the real interest rate, it is then plausible that the world economy is on an equilibrium path characterized by an excess of savings.
To start with, we need to address the following questions. What are the conditions under which the world economy converges to an inefficient steady state? And are these reasonable enough? To make progress on these issues, we introduce some assumptions on the characteristics of the two countries in autarky. Moreover, we make a conjecture on the two countries' initial conditions at time 0, which would correspond to the financial openness of emerging countries 12 .
Assumption 2 (Autarkic steady states). Suppose country 1 has a locally stable steady state such that r autss 1 = n. For country 2, the locally stable steady state satisfies n > r aut 2 .
Assumption 3 (Initial conditions
), where k * 1 is the equilibrium capital stock at t = 1.
Our main hypothesis is that the pay-as-you-go system, which has been introduced during the Great Depression, "fixed" the long-run inefficiency of the US economy. This assumption is also consistent with the fact that US trade was balanced before 1980. In general, it is known that a country with no pay-as-you-go system has a higher capital stock and therefore a lower interest rate than a country with a pay-as-you-go system. It follows that the autarkic steady state of the emerging economy is inefficient. This is coherent with our previous analysis, as we treated the two countries as identical except for the pension systems.
That country 2 opened to trade with a relatively low capital stock and along its transition path, while country 1 was already at the autarkic steady state, should not be controversial. We will explain Assumption 3 in more detail in the context of Proposition 5.
We are now ready to characterize the long-run equilibrium of the world economy.
Proposition 4 (World steady state). Under Assumption 2, the world economy has a locally stable steady state such that n > r * .
Proof. It suffices to show that the (world) interest rate is between the autarkic interest rates: r autss 1 > r * > r aut 2 , because we assumed that r autss 1 = n (see the Appendix for a proof). Our first step is to study trade at the time of China's financial integration. For instance, t = 0 could correspond to 1980. That the world capital market is open means that the young can lend both to domestic and foreign firms. As it might be expected, the pattern of trade at the openness will depend on the two countries' initial conditions. Proposition 5 (Financial integration). Under Assumption 3, (i) the developed country is the lender country and runs a trade surplus at t = 0; (ii) the developed country runs a trade deficit at t = 1.
Proof. The proof is in Appendix A.
The proof shows that k * 1 is pinned down by total savings at t = 0, which depend on the two countries' initial conditions. At the outset of financial integration, a realistic scenario is one in which capital flows to the capital scarce, emerging country. To impose that k 2,0 < k 1,0 is not enough because while country 1 has a higher wage, there is the negative partial equilibrium effect of the pay-as-you-go on country 1's savings to take into account. Therefore, we need more stringent conditions for country 1 to save more and therefore lend to country 2 (Assumption 3). Only in the initial period, the balance of trade of country 1 is equivalent to the net foreign asset position. At t = 1, the developed country's current account position turns into deficit: the old in country 2 pay off their debt and country 1 now starts to borrow (by Proposition 1).
In the previous section, we established that capital flows to the developed country for t ≥ 1 and that the sign of the balance of trade depends on whether the interest rate is higher or lower than the population growth rate. Here, we study the dynamics of net foreign assets and the balance of trade in more detail. We restrict our analysis to the case in which both the utility and the production functions are Cobb-Douglas, since it is analytically tractable. Figure D. 3 illustrates the path of capital accumulation in the world economy under such assumptions on technology and preferences:
Assumption 4. The utility and the production functions are Cobb-Douglas:
We fully derive the model under Assumption 4 in Appendix C.
Proposition 6 (The dynamics of net foreign assets). Under Assumptions 2, 3 and 4, country 1 (the developed country) accumulates net foreign liabilities as the world economy converges to the (inefficient) world steady state.
Proof. In Appendix C, we show that equation (18) for country 1 becomes under Cobb-Douglas preferences:
Our goal is to study how a 1,t+1 changes with k t+1 :
(1 + αk α−1 t+1 − δ) 2 Assumption 3 implies that the initial conditions of the autarkic economies are such that the initial capital stock of the world economy (k * 1 ) is to the left of the world steady state. Given that ∂a 1,t+1 ∂k t+1 < 0, country 1's net foreign liabilities increase as the capital stock accumulates. Proposition 3 established that the sign of country 1's balance of trade at a given t depends on whether the current and next period's interest rates are lower or bigger than n. It should now be evident that trade dynamics depends both on the initial conditions and the long-run properties of the autarkic economies. By Proposition 2 and 4, we already know that country 1 will run a deficit in the long-run. In the next proposition, we study the dynamics of trade imbalances.
Proposition 7 (The dynamics of global imbalances).
Under Assumptions 2, 3 and 4, the balance of trade of country 1 deteriorates as the world economy converges to the (inefficient) world steady state.
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Proof. The balance of trade of country 1 under Cobb-Douglas preferences is (see Appendix C):
The balance of trade of country 1 decreases with the current and the future capital stock:
As k * 1 < k * , the balance of trade of country 1 decreases as the capital stock converges to the world steady state.
We can now compare the time-series of the US current account and net international position with the predictions of the model. Figure D .4 provides an illustration of the dynamics of the balance of trade given the results of this section. After an adjustment period of two years, the US current account deteriorates while converging to the world steady state in which the US runs a trade deficit. Our framework seems to be more successful in capturing the dynamics of global imbalances with respect to other two-country models, e.g. Angeletos et al. [1] , Caballero et al. [7] , Mendoza et al. [24] . In these papers, the United States run a trade deficit immediately after China's financial integration (or a shock), and then the deficit gradually improves. Our framework is more consistent with the data as it predicts the gradual deterioration of the US deficit ( Figure D.1) .
The second aspect of interest is the dynamics of US foreign assets. Proposition 6 establishes that US net foreign liabilities accumulate over time (see Figure D.5) . Figure D .6 shows the timeseries of the US net foreign assets: the pattern predicted by the model is indeed very similar. In this respect, the contribution of this paper is to explain why the US net foreign assets position turned negative before the emergence of global imbalances. In the above papers, the net foreign assets position and the balance of trade turn negative simultaneously.
Finally, we show that the data provide some support for the hypothesis that there is an excess of savings in the world economy. For the developed country to run a trade deficit, it is required that the world interest rate is below the population growth rate (see equation (23)). Therefore, the "global saving glut hypothesis" can be assessed by looking at the data on these two variables.
Let us start with the real interest rate. Figure D. 6 indicates that the deterioration of the US international position is due to a steady increase in net external debt (private and public), which has reached 40% of GDP in 2007. It is known that the US have a positive position as far as FDI and equity holdings are concerned, which mitigates the impact of foreign debt on the overall position. As a matter of principle, the interest rate that the US earn on FDI and equity assets might be different from the interest rate that the US pay on its external debt. However, this does not change the fact that the accumulation of foreign debt drives the net foreign assets position of the US. Therefore, the rates of interest on the US government bonds are reasonable proxies for the world interest rate. Figure D. 7 plots the time-series of the real interest rate on US Treasury Bills and 10-years government bonds. While interest rates were quite high in the early 1980s, they have embarked on a negative trend since then. This is consistent with our description of the world economy as in the process of transition towards the world steady state.
As far as growth is concerned, it is obvious that population growth is only one of the sources of output growth. In fact, the model can be easily extended to include labour-augmenting tech-14 nological progress where technology grows at a common rate g in the two countries. In this case, we show in Appendix B that equation (23) becomes:
where the hat denotes variables per effective worker. In this extended version of the model, the presence of a global saving glut now requires that n + g > r * . In our model, n + g is the long-run output growth rate of the world economy 13 . To check whether the inequality is satisfied, we then calculate the average output growth rate of the world economy between 1980 and 2010. The world economy includes those countries which are the focus of this paper, i.e. China, the United States and the Asian Tigers 14 . We find that the average output growth rate of the world economy for this period has been 7.3%. This figure is likely to overestimate n + g, as it does also include transitional growth. In fact, our explanation for the decline of real interest rates and the gradual build-up of global imbalances is the consequence of the capital accumulation process that has taken place in the world economy following the financial integration of East Asian countries. Alternatively, we can consider the US growth rate as a lower bound for the long-run growth rate of the world economy. According to Caballero et al. [7] , average real output growth in the US is equal to 3.33%. Figure D .7 shows that real interest rates have started to fall below the US growth rate in the late 1990s/early 2000s, which is when global imbalances emerged. The gap between the real interest rate and the growth rate of the world economy has widened during the last decade, which is consistent with the slow deterioration of the US current account deficit against East Asian countries.
We can conclude that there is evidence that the United States have accumulated a trade deficit because high saving rates in East Asian countries (due to their poor pay-as-you-go systems) have been pushing the real interest rate below the long-run growth rate of the world economy.
A final word is due about dynamic inefficiency. In our setup, we assume that the US economy was at the golden rule before integrating with inefficient (emerging) countries. We have shown that the consequence is that the integrated economy is overaccumulating capital. Part of the literature is of the view that actual economies are not dynamically inefficient (see De La Croix [9] for a discussion, p. 84). These statements are often based on early tests on the dynamic efficiency of stochastic OLG economies. More recently, these empirical findings have been questioned by Chattopadhyay [8] , who has shown that a widely used criterion to test dynamic efficiency, the net dividend criterion, does not actually give sufficient conditions for optimality. The results of this paper emphasize that the capital overaccumulation case is not only interesting from a theoretical point of view, as it has something to tell us on relevant stylized facts such as global imbalances.
Country size
In this section, we show that country size has an impact on capital flows and trade dynamics. In the following Proposition, we establish that the steady state capital stock of the world economy is increasing in country 2's size.
and k * ρ 2 ,ρ 1 be the steady state capital stocks of two economies, for which
13 In reality, countries do not grow at the same rate. See the section below for a discussion on this point. 14 The Asian tigers include Taiwan, South Korea, Hong Kong and Singapore. We take the countries' PPP-converted GDP at current prices from Heston A., Summers R., Aten B., Penn World Table Version Proof. The logic of the proof is the same as for Proposition 4. Consider equation (A.4) in the Appendix. In Lemma 1(ii), we have proved that there exists a stable steady state k * ρ 2 ,ρ 1 such that g(k * ρ 2 ,ρ 1 ) = 0. Now consider another economy for whichρ 2 > ρ 2 . It is straightforward that if kρ 2 ,ρ 1 = k ρ 2 ,ρ 1 , then g(k ρ 2 ,ρ 1 ) < 0. Proposition 4 already showed that the function g is increasing in k if the steady state is stable. Hence, it must be true that k * ρ 2 ,ρ 1
= 0. Proposition 8 shows that the higher is country 2's size, the more severe is capital overaccumulation in the world economy. Moreover, country size is important as far as the size of capital flows are concerned. First, the net foreign liabilities per capita of country 1 are increasing with the size of country 2 (equation (18)). Together with the fact that n − f (k * ) is increasing with capital, global imbalances are also larger if ρ 2 is higher (equations (23)). If we allowed for technological progress, we would still have that the capital stock of the world economy is increasing inρ 2 (see Appendix B) .
As a matter of fact,ρ i is the most appropriate measure for country size as country i's share of world savings would depend on country i's share of total productivity Z, as well as on the size of the population. Then, a higher productivity in the United States would compensate for China's bigger population to some extent 15 . Using that
, we can rewriteρ i as follows:
Therefore,ρ 2 can be computed by calculating East Asian countries' share of total GDP, where total GDP is the sum of the GDP of the US, China and the Asian tigers. The data show that East Asia's share has exponentially increased over time, from 21% in 1980 to 50% in 2010 16 . Taking into account both productivity and population differentials, the data indicate that country 2's size has increased over time. This is not surprising given the high growth rate of these countries over the recent period. Proposition 8 can then explain why the trade imbalances between the US and East Asian countries are so large: East Asian countries' share of world GDP is increasingly relevant. However, this is only a comparative statics effect. Since we have assumed thatρ 2 is constant, the model cannot capture the fact country 2's size has grown over time. A way to take into account this empirical observation would be to assume that g 2 > g 1 17 . Under this restriction,ρ 2 can be written as follows:
15 As a matter of fact, a simple way to account for the fact that China is poorer than the US is to assume that Z 2,0 < Z 1,0 . We thank Antonia Díaz and Timothy Kehoe for having raised this point. 16 In the Penn World Tables, there are two sets of data for China due to measurement problems. The above shares are derived from China's version 2 of the Penn World Tables. For China version 1, the shares are 15% in 1980 and 48% in 2010. 17 In fact, the average population growth rates have been about 1% in both countries. See footnote 8.
In the limit, the size of country 2 tends to its population size:
However, the size of country 1 tends to zero:
In the long-run, the United States becomes a small open economy as they do not contribute to the determination of prices in the world economy. This is a standard implication of neoclassical growth models, as Gourinchas and Jeanne [18] observe: "that countries have the same growth rate in the long run is a standard assumption, often justified by the fact that no country should have a share of world GDP converging to 0 or 100 percent.". In a two-country model with exogenous growth, the question of the importance of China's spectacular economic growth as far as capital flows and global imbalances are concerned cannot be addressed in a satisfactory way. Understanding the mechanism behind China's high growth, high saving rate and current account surplus remains one of the most important directions for future research 18 .
Cross-country evidence
Our theory predicts that the country with no pay-as-you go system lends to the pay-as-yougo country and runs a trade deficit even in the long-run. In Table 1 , we presented evidence showing that although most East Asian countries have schemes that are classified as pay-asyou-go systems, the percentage of the labour force or working population actually covered is considerably lower than in the US. Therefore, we argued that the poor coverage of the pay-asyou-go systems is a plausible reason behind the high saving rates in East Asia and the trade imbalances against the US.
In this section, we test the hypothesis that differences in the coverage of pay-as-you-go systems is an important factor towards explaining the cross-country variation in the saving rates and net capital flows. For this purpose, we run two sets of regressions. Firstly, we examine whether an increase in the coverage induces a fall in private savings 19 . A similar exercise was done by Samwick [26] for an early-1990s sample. In this paper, we take advantage of the fact that we now have a much richer dataset in terms of sample size and pension systems' characteristics. Differently from Samwick [26] , we also estimate the effect of pay-as-you-go coverage on the current account balance as a percentage of GDP.
Cross-sectional data on pension systems coverage are from the World Bank database 20 . Country-level observations have been collected or updated over the past ten years for most countries in the world. As the most recent information on coverage was obtained in 2011 for some countries, we run our cross-country regressions for year 2011. The World Bank also provides a three pillars classification of pension systems. Pillar 0 refers to the so-called "social pensions" in "recognition of their social-policy goal of offering a safety-net, minimum income" to the old (Pallares-Miralles et al. [22] ). Pillar 1 includes all mandatory publicly managed schemes, while mandatory privately managed schemes are grouped under Pillar 2. It turns out that many countries have pension schemes under more than one pillar. However, no data is available on the funding characteristics of such schemes. Therefore, we need to come up with some criterion to classify countries in two groups: those with a pay-as-you-go system and those without. For robustness purposes, we construct two different samples based on alternative definitions of payas-you-go systems.
According to the first definition, we say that a country has a pay-as-you-go system whenever it has any of the following programs: a basic or universal pension (Pillar 0); a defined-benefit (DB) or a notional defined-contribution scheme (NDC) under Pillar 1. Therefore, we work under the assumption that DB and NDC schemes are pay-as-you-go. Pallares-Miralles et al. [22] stress that this is the case for the majority of such publicly managed schemes. The first sample does then include all the countries which have a pay-as-you-go pension system under this definition.
The second definition is somewhat stricter: a country has a pay-as-you-go system if it does not have any provident funds (PF) or privately managed scheme. While countries with a mixed pension system would be included in the sample under the previous criterion, such countries are excluded under the second one as their pension system is not purely pay-as-you-go. Therefore, the second sample only includes countries with a "pure" pay-as-you-go system 21 . Our baseline regression for private savings is the following:
where X is a vector of control variables. We will also run the same regression using a broader definition of the coverage rate, which include the unemployed in addition to the labour force:
private savings % GDP i = α + β coverage rate % working population i + γ · X i + ε i (27) Estimates for equations (26) and (27) are reported respectively in Table 2 and 3. The first two columns are the results obtained using the first sample, while the last two column are the estimates for the sample of countries with a "pure" pay-as-you-go system.
The estimates support our theory that the higher is the percentage of the population covered by the pay-as-you-go system, the lower is the saving rate of a country. Coefficients are strongly significant and are not sensitive to alternative classifications of the pay-as-you-go systems or different coverage rates. It is worth stressing that a simple OLS regression of private savings on the coverage rate is not statistically significant and has a positive coefficient. In fact, the coverage rate is strongly correlated with GDP per capita 22 : as one might expect, richer countries have a more inclusive pension system. Therefore, omitting GDP per capita would considerably bias our results. We also control for other important determinants of aggregate savings, such demografic factors and financial markets' development. Our demographic control variable is the age dependency ratio, which is defined as the ratio of young and old population to the working population. Consistently with what we would expect, the regression coefficient is negative and statistically significant in all our regressions. The dependency ratio in Subsaharan countries is extremely higher than in East Asian and developed countries and this explains why the average saving rate of Subsaharan countries is not significatly different from developed countries despite the coverage of their pay-as-you-go system is much worse than in East Asian countries. On the other hand, our proxy for financial market development (domestic credit as a percentage of GDP) is never significant. This is in contrast with most of the theoretical literature on global imbalances, which stresses the importance of the heterogeneity of financial markets for saving rate differentials and net capital flows (Caballero et al. [7] , Mendoza et al. [24] , Angeletos et al. [1] ). As a robustness check, we used as an alternative proxy the percentage of the population older than 15 with a credit card. The higher is this percentage, the higher should be agents' ability to borrow and therefore the lower the saving rate. However, the proxy is not significant and our coefficients are not significantly affected (if not slightly improved). We also controlled for the size of public pension spending, life expectancy and oil rents as a percentage of GDP. However, these variables are neither significant nor their introduction does change our estimates. Therefore, we exclude them from our regressions. Therefore, these results validate the idea that pension system characteristics are important when it comes to explaining cross-country variations in the saving rate. This is also consistent with the findings of Samwick [26] . We can now discuss the magnitude of the coefficients. For instance, let us consider the coverage rate differential between the US and China. According to Table 1 , this differential is as large as 58.7% (43.7%) in relation to the labour force (working population). A decrease in the coverage rate of these magnitudes induces an increase in the saving rate between 6.59% and 8.37%. Since the saving rate differential between the US and China is 24.52%, we can say that our mechanism is also quantitatively important.
We now repeat the same exercise using current account as a percentage of GDP as dependent variable. In this case, we also control for the government budget and investment as a percentage of GDP. We also use robust standard errors as the Breusch-Pagan test suggests that we have to reject the hypothesis of homoskedastic errors. Table 4 and 5 report our estimates under the two coverage rates.
In the first and third column, we can observe that the higher is the pay-as-you-go coverage the higher is the current account balance of a country. As before, this result is biased as it reflects the fact that we omit GDP per capita from this regression. Once we control for GDP per capita and include the rest of the controls, we find a statistically significant negative relationship between the current account and the pay-as-you-go coverage rate. As for private savings, this finding is robust to alternative definitions of pay-as-you-go systems and coverage rates.
To have an idea of the magnitudes, let us consider again the coverage rates' differential between the United States and China. Keeping everything else constant, a lower coverage induces an improvement of the current account balance as a percentage of GDP of the order of 5.9822% to 7.1057%. This is a quantitatively significant channel, considering that the current account balance differential between the two countries is 4.806%.
Conclusions and policy implications
This paper takes seriously Bernanke's hypothesis that global imbalances are due to a global saving glut. We have proposed a model in which a global excess of savings arises because of the financial integration between the United States and dynamically inefficient economies, which 21 have a higher propensity to save than the US because they have a poor pay-as-you-go pension system. The increase in world savings had as long-run effects the drop of real interest rates and the emergence of global imbalances. These and other stylized facts can be read through the lens of this model. The model indicates that both the current direction of trade and the low real interest rates as compared to growth in the world economy are signals that the world economy is on an inefficient path. If that was not the case, the theory says that United States' trade balance should be either zero or in surplus and we should also observe much higher interest rates. Pension reforms in China in the direction of improving the coverage of their pay-as-you-go system would increase domestic demand and therefore reduce world savings. The US deficit towards China would shrink, which is the outcome that many politicians and economists seem to hope for. In accordance with the theory, our cross-country analysis shows that a higher coverage of the pay-as-you-go system is associated with a lower saving rate and current account balance as percentages of GDP.
This paper clearly abstracts from two important, possibly related, facts: (1) China has a higher investment ratio; (2) while the United States have a negative net international position overall, they have a positive position in foreign direct investments. The key step to understand these facts would be to introduce more assets, which requires the introduction of uncertainty in the model. We leave this for future research.
When ρ 1 = 1 (closed economy), De La Croix et al. [9] show that it is enough that the young's income after tax is strictly positive for savings to be positive, as savings are increasing in income. In particular, the following condition must hold : w t > τ 1 . It turns out that the same condition is valid in a two-country economy. It is not sufficient that aggregate savings are positive, since we only allow for strictly positive consumption. For an equilibrium to exist, we need both countries' savings to be positive. Now, defineτ 1 (k t ) as the level of tax for which savings are zero in country 1 (it is obvious thatτ 1 is increasing in k t ). Therefore, as long as τ 1 <τ 1 (k t ), equation (A.2) is satisfied and therefore k t+1 exists. We now prove that k t+1 is unique given k t . By Assumption 1, g is increasing in k t+1 :
This is enough to ensure uniqueness. We can then write
which is a single-valued, strictly increasing function in k t 23 .
The above discussion is also valid at t = 0. It follows that if τ 1 <τ 1 (k 1,0 ) at time 0, k 1 > 0 exists given (k 1,0 , k 2,0 ) and is unique. A unique intertemporal equilibrium will exist by induction.
(ii) We know already that the saving locus of the economy is increasing. Suppose that
For the saving locus to cross the 45 degree line from above at least once, we need to show that the following is true:
The argument is the same as for closed economies and relies on the fact that savings can never exceed the wage (see Azariadis [3] , p. 84). Since
3) is satisfied can be shown by dividing both sides of the inequality by k t and then taking the limit:
This proves the existence of at least one locally stable steady state.
Proof of Lemma 2
23 See Galor et al. [15] for a throughout study of the function φ.
24
Consider the budget constraints of the agents born at t at equilibrium:
It is easy to see that the two agents will always have different budget sets, except in the case r * = n where I * 1,t = I * 2,t . Iff n > r * t+1 , I * 1,t > I * 2,t . Because of that, note that the budget line of agent 1 is to the right of agent 2's budget line. It is parallel as they face the same interest rate r * t+1 . Marginal rates of substitutions of the two agents are obviously equalized:
Because utility functions are identical across agents and consumption goods are normal, we can conclude that c t * 
Proof of Proposition 4
Let k aut 2 be the level of capital such that country 2 is at the autarkic steady state, and define the function g 2 as follows:
Similarly, let k * be the steady state world capital stock and define the function g for the world economy:
Now suppose that k * = k aut 2 . From equation (11), we know that country 1 saves less than country 2 for any k, then g(k (C.1)
We study this example in some detail as our variables of interest have a simpler dynamics with Cobb-Douglas functions.
From profit maximization, the factor prices are: It is known that, with log-utility, savings are a constant fraction of the wage and do not depend on the rate of interest. In country 1, the young also consume a fraction of the discounted future transfer. Overall, the impact of the pay-as-you-go system on country 1's savings is:
The market clearing equation for capital is:
The capital stock evolves over time as follows:
while the steady state capital stock satisfies:
(1 + n)k * = (1 − β)(1 − α)k * α − ρ 1 τ 1 (1 − β) + β(1 + n) 1 + αk * α−1 − δ (C.10)
For any given k t > 0, it can be verified that k t+1 > 0 exists as long as (1 − α)k α t − τ 1 > 0 (see Lemma 1) and that the higher is τ 1 , the lower k t+1 will be given k t . It can also be checked that the saving locus is increasing (here, s r = 0):
(1+αk
The specific feature of this example is that the saving locus is concave as
(dk t ) 2 < 0. Figure D. 3 illustrates the dynamics of capital stock per capita in the world economy.
With τ 1 = 0, it is known that there exists a globally unique steady state with Cobb Douglas utility and production function. With τ 1 > 0, the number of steady states depends on how big is the tax. If the tax is small enough, then there are two steady states (one unstable and one stable). At a certain threshold for the tax, the steady state is not hyperbolic and above that we have non-existence of steady states. See De La Croix et al. [9] for a detailed discussion 24 . We can now compute the net foreign assets position of country 1: 
